Introduction
============

Gynaecological malignancies are predominantly staged according to the FIGO (International Federation of Gynaecology and Obstetrics) classification, using clinical examination in the case of cervical cancer and surgical-pathological findings in the case of endometrial, ovarian and vulvar cancers. However, following extensive publications evaluating the role of magnetic resonance imaging (MRI) and computed tomography (CT), the recent revision of the FIGO staging classification recognizes the benefits of preoperative imaging assessment with CT and MRI in treatment planning in cervical cancer^\[^[@B1]^\]^. CT is widely used in evaluation of patients with ovarian cancer to predict the feasibility of primary cytoreductive surgery. There is more debate concerning the role of preoperative imaging in patients with endometrial cancer, as primary surgical treatment and staging is the mainstay of patient management. Cross-sectional imaging is also widely used in the follow-up of gynaecological malignancies to assess treatment response and detect recurrent disease. However, there are well-recognized limitations of anatomic cross-sectional imaging, including difficulties in the detection of nodal metastases and in evaluating the extent of diffuse peritoneal disease in ovarian cancer. In addition, there is growing interest in using imaging as a biomarker of treatment response. Thus, the question of the role of functional imaging using positron emission tomography (PET) has been the subject of extensive research.

Until relatively recently, \[^18^F\]fluorodeoxyglucose (FDG)-PET and PET/CT have had only a limited role in the diagnosis and staging of disease in patients presenting with gynaecological malignancy. The strength of PET lies in its ability to identify abnormal biological processes associated with cancer, such as increased glucose metabolism using FDG. In addition, PET/CT provides precise whole-body assessment, including the primary tumour site, lymph node spread and distant metastases except in the brain^\[^[@B2]^\]^. FDG-PET/CT can also contribute to more accurate staging and thus influence the therapeutic decision. FDG-PET/CT is also a valuable tool for assessing the extent of recurrent disease and may be critical in defining the optimal treatment.

FDG-PET/CT has also been evaluated in assessment of response to treatment; it is generally a valuable tool for assessment of treatment response after completion of therapy in patients with metastatic gynaecological malignancies, particularly in identifying residual viable tumour tissue by its increased metabolic activity. Prediction of treatment response early in the course of therapy by comparing the tumour metabolic activity after one or two cycles of treatment with baseline is a promising indication but needs further validation in clinical trials.

This article reviews the literature and the current use of FDG-PET/CT in patients with gynaecological malignancy, including established indications as well as areas of current research interest.

Technique
=========

Gynaecological malignancies are typically characterized by increased glucose metabolism and therefore present with increased FDG uptake, whereas benign tumours are usually negative on PET. However, common pitfalls include increased FDG uptake in normal ovaries during ovulation, as well as normal physiologic activity in bowel, endometrium, and blood vessels, focal retained activity in ureters, bladder diverticula, pelvic kidneys, and urinary diversions^\[^[@B3]^\]^. The co-registration of CT images with the PET images has overcome many of these difficulties.

In order to reduce errors of interpretation, specific emphasis needs to be directed towards good technique when undertaking pelvic PET/CT imaging. Ideally, the bladder should be empty to avoid artefacts on PET images from high radioactivity concentration in the bladder. It is suggested that the patient is scanned in a caudal to cranial direction, thus imaging the pelvis at the beginning of the study. The CT portion of PET/CT is often helpful to identify bladder diverticula and focal retained activity in ureters. Pelvic imaging can be improved by intravenous injection of a diuretic agent to reduce tracer retention in the urinary system. A technique of hydration, diuretic administration and pre-imaging voiding obviates the need for invasive procedures such as bladder drainage in most cases.

The CT portion of PET/CT is also helpful in identifying normal physiologic FDG uptake in the bowel, endometrium, and blood vessels as well as demonstrating pathologies that are not demonstrated on the PET portion, such as pleural effusions, ascites or predominantly cystic/necrotic lesions. Bowel preparation can be performed with oral hydration as well and some groups recommend the use of oral contrast^\[^[@B5]^\]^. The administration of butylscopolamine (20--40 mg) at the time of FDG injection has been reported to reduce FDG uptake in the bowel^\[^[@B6]^\]^.

Limitations of FDG-PET
======================

FDG-PET has well-recognized limitations in identifying metastatic disease. It is not possible to reliably detect small lung deposits, small nodal deposits or diffuse peritoneal carcinomatosis; conversely false-positive findings occur in acute inflammation and granulomatous processes such as tuberculosis and sarcoidosis. Certain benign tissue masses may be of relatively high FDG avidity, such as certain fibroids ([Fig. 1](#F1){ref-type="fig"}). Figure 1Patient being investigated for a uterine mass. Sagittal T2 (a) and axial T2 (b) MRI demonstrate a mass arising from the uterus (arrow). The mixed high signal intensity of the mass raised the possibility of a leiomyosarcoma. FDG-PET/CT (c) demonstrated marked FDG uptake within the mass with some central necrosis. After surgical resection, the mass was confirmed to be a benign fibroid that had undergone degenerative changes.

Ovarian cancer
==============

FDG-PET/CT in primary ovarian cancer
------------------------------------

Current guidelines for the investigation of an ovarian mass include cancer antigen 125 (CA-125) measurement and ultrasonography usually via a transvaginal route. Cross-sectional imaging modalities such as CT and MRI have been investigated in the diagnosis of ovarian cancer. Studies have found sensitivities and specificities for diagnosis of ovarian cancer by ultrasonography to range from 90% to 92% and 53% to 61%, respectively^\[^[@B7]^\]^. For MRI, the sensitivity has been found to be 83% and specificity 84% for diagnosis of ovarian cancer^\[^[@B8]^,^[@B9]^,^[@B11]^\]^.

Most studies assessing the role of FDG-PET in the detection of primary ovarian cancer date back 10--15 years. Consequently, these were undertaken with a previous generation of PET technology with lower sensitivity and spatial resolution and no direct co-registration with CT. Nevertheless, data are still comparable with more recent reports using PET/CT. In 2000 and 2002, 2 studies assessing women with asymptomatic adnexal masses found FDG-PET to have a sensitivity of 58% and specificity of 76--80%^\[^[@B8]^,^[@B9]^\]^. Similarly, 2 further studies assessed FDG-PET for characterization of a suspicious pelvic mass on ultrasonography and found sensitivities and specificities to range from 58% to 78% and from 78% to 87%, respectively^\[^[@B11]^,^[@B12]^\]^. Despite the relatively low sensitivity of FDG-PET in the detection of ovarian cancer, all of the false-negative results were either invasive stage I tumours or tumours of low malignant potential (borderline ovarian tumours). More advanced stages of ovarian cancer demonstrated intensely increased FDG uptake and were well visualized. However, the cellular composition of tumours has a significant effect on the level of FDG uptake. Abdominal or pelvic masses containing large cystic components as well as mucinous tumours will often not be metabolically active.

Recently, a study of 50 patients with a suspicious pelvic lesion found the sensitivity and specificity of FDG-PET/CT in the diagnosis of ovarian cancer to be 87% and 100%, respectively^\[^[@B7]^\]^. Regarding the extent of disease, they reported 69% concordance between FDG-PET/CT staging and surgical staging. The authors concluded that the use of FDG-PET/CT can improve the specificity and accuracy of the pretreatment diagnosis and staging of ovarian cancer in comparison with contrast-enhanced CT alone. Risum et al.^\[^[@B13]^\]^ evaluated FDG-PET/CT in 97 patients with suspected pelvic malignancy with a risk of malignancy index of \>150, based on CA-125, ultrasonographic findings and menopausal status. They reported a sensitivity of 100% and specificity of 92.5% for detecting primary ovarian cancer. This was higher than all other imaging modalities including ultrasonography, CT, MRI and FDG-PET alone.

Generally, the number of false-positive FDG-PET findings in the abdomen and pelvis is low. However, in patients with suspicious ovarian masses, a number of benign conditions can cause a significant false-positive rate. For example, benign cystadenomas, teratomas, schwannomas, endometriomas and inflammatory processes were found to exhibit increased glucose metabolism. Increased FDG uptake in the pelvis has also been found in healthy premenopausal women. Two studies reported that most premenopausal women show FDG uptake in the ovaries and uterine endometrium in the late follicular and early luteal phases of the menstrual cycle^\[^[@B14]^,^[@B15]^\]^. Lerman et al.^\[^[@B16]^\]^ confirmed that in premenopausal women with a normal menstrual cycle, the ovarian glucose metabolism was statistically higher during menstruation and midcycle than during the proliferative or secretory phases. The standardized uptake value (SUV) as a semi-quantitative measure of FDG uptake separated benign from malignant ovarian uptake with a sensitivity of only 57% but with a high specificity of 95% (cut-off threshold SUV 7.9).

Most cases of newly diagnosed ovarian cancer present with advanced stages of disease. Therefore, the standard treatment for primary ovarian cancer is debulking surgery followed by chemotherapy. It is widely accepted that optimal debulking is associated with improved survival outcome. In many institutions, a large number of patients, particularly where the imaging suggests that optimal debulking is unlikely to be achieved, undergo neoadjuvant (preoperative) chemotherapy. It is therefore important to identify the exact extent of disease preoperatively in order to select patients for the most appropriate primary treatment.

Staging of ovarian cancer is conventionally undertaken using CT. In a small number of patients, Yoshida et al.^\[^[@B17]^\]^ concluded that the addition of FDG-PET to CT improved the accuracy in preoperative staging of ovarian cancer to 87% compared with 53% with CT alone.

In a more recent series, 40 patients with ovarian cancer underwent FDG-PET/CT with intravenous contrast-enhanced CT for staging before primary debulking surgery^\[^[@B18]^\]^. An increase in sensitivity (from 37.6% to 69.4%) and accuracy (from 89.7% to 94.0%) and stable specificity (from 97.1% to 97.5%) was found with FDG-PET/CT compared with contrast-enhanced CT alone. FDG-PET/CT findings and the final pathologic staging were in concordance in 75% of cases. A further study in 133 women with suspected ovarian cancer reported a concordance between FDG-PET/CT findings and the final pathologic staging of 78%^\[^[@B10]^\]^. FDG-PET/CT identified unexpected nodal metastases in 15 of 95 patients confirmed to have ovarian cancer. They also reported that FDG-PET/CT was superior to CT and MRI in discriminating between cases of benign and borderline/malignant ovarian tumours.

In summary, compared with conventional imaging, most studies found an improvement in diagnostic accuracy using FDG-PET/CT for staging of ovarian cancer before surgery. PET/CT provides an accurate assessment of the extent of disease, particularly in areas difficult to assess for metastases by CT and MRI such as the mediastinum and supraclavicular region. However, given the limited access to FDG-PET/CT and the higher cost, the overall benefit for individual patients remains to be proved.

FDG-PET/CT in recurrent ovarian cancer
--------------------------------------

Most patients with advanced stage ovarian cancer have persistent disease or develop recurrent disease, even after complete clinical response after primary therapy. CA-125 is a membrane-associated mucin protein expressed on female reproductive tract epithelia and used as a tumour marker in recurrent ovarian cancer. However, CA-125 is not elevated in all patients with persistent or recurrent disease and does not reflect disease burden. Cross-sectional imaging, predominately contrast-enhanced CT is used to localize recurrent ovarian cancer although the identification of disease in the abdomen and pelvis is often difficult. A study compared CT with second look laparotomy in 58 women who were clinically disease free and found a sensitivity of only 47% for detection of recurrent disease (corresponding specificity 87%)^\[^[@B19]^\]^. It is particularly difficult to identify small tumour deposits adjacent to the bowel by CT ([Figs. 2](#F2){ref-type="fig"} and [3](#F3){ref-type="fig"}). It is often not easy to identify peritoneal and serosal tumour deposits using MRI and conventional MRI has a low accuracy for lesions \<2 cm and metastatic lesions in the peritoneum and mesentery^\[^[@B20]^\]^. Figure 2Patient with suspected recurrent ovarian cancer. Contrast-enhanced CT (a) demonstrates 2 sites of recurrent disease along the bowel serosa (arrows) that are very difficult to identify with confidence. The accompanying fused FDG-PET/CT (b) clearly demonstrates the 2 highly metabolically active serosal deposits. Figure 3Patient with CA-125 relapse but no clear evidence of recurrence on CT imaging. Fused FDG-PET/CT (a) and accompanying contrast-enhanced CT (b) demonstrate a serosal deposit along a loop of bowel within the stoma (arrow) that is very difficult to appreciate on CT. Repeat imaging after the first cycle of chemotherapy demonstrates a significant reduction in the metabolic activity of the serosal deposit, highly suggestive of a likely responder to treatment.

In 2001, a study using FDG-PET in 24 women reported a diagnostic accuracy for detecting recurrent ovarian cancer of 79.2%^\[^[@B21]^\]^. The accuracy increased to 94.4% when combined with conventional imaging modalities. The findings were confirmed by several further studies^\[^[@B22]^\]^.

A recent study including 51 patients found that FDG-PET/CT provided a statistically significant improvement in accuracy from 83% to 92% in the diagnosis of ovarian cancer recurrence compared with CT alone^\[^[@B22]^\]^. The co-registered functional and anatomic information from PET/CT is particularly helpful in the abdomen and pelvis. A study from Pittsburgh found a sensitivity of 94.5% and a specificity of 100% for FDG-PET/CT in the detection of ovarian cancer recurrence^\[^[@B23]^\]^. The authors concluded that FDG-PET/CT had the greatest utility in the clinical setting of increasing CA-125 levels but negative or indeterminate conventional CT imaging.

However, it is important to note that the reference standard used for evaluation of imaging modalities is of crucial importance. In a direct comparison with second look laparotomy in 31 women, the lesion-based sensitivity was only 45.3% for FDG-PET and increased to 58.2% for FDG-PET/CT^\[^[@B26]^\]^. In another study, Sironi et al.^\[^[@B27]^\]^ studied 31 women prior to second look laparotomy and found that FDG-PET/CT correctly identified 32 of the 41 lesions that were positive at histologic analysis. The overall patient-based sensitivity and specificity were 53% and 86%, respectively. All lesions missed with PET/CT were equal to or smaller than 0.5 cm in maximum diameter. This study highlights an important limitation of PET imaging in that the metabolic activity of small tumour deposits is often not sufficient for positive identification, particularly in areas with higher background activity such as in the abdomen and pelvis.

In 43 patients, FDG-PET/CT had a sensitivity and specificity of 88.4% and 88.2%, respectively, for detection of recurrent ovarian cancer using histology and clinical follow-up as the reference^\[^[@B24]^\]^. More specifically they found a slightly lower sensitivity of 80.9% for pelvic disease and of 93.5% for extrapelvic disease; specificity was 93.7% for both. A recent meta-analysis compared FDG-PET, FDG-PET/CT, MRI and the tumour marker CA-125 for detection of recurrent disease^\[^[@B20]^\]^. The authors concluded that FDG-PET alone seemed to be particularly useful for the diagnosis of recurrence when CA-125 levels are increasing and conventional imaging (CT or MR) is inconclusive or negative ([Fig. 3](#F3){ref-type="fig"}). They also found no significant differences between PET results interpreted with or without the use of CT. Nevertheless, the anatomic information is often crucial to differentiate physiologic from pathologic FDG uptake and to precisely localize the disease.

Simcock et al.^\[^[@B28]^\]^, in a study of 56 women, found that the addition of FDG-PET to CT altered the known disease distribution in 61% of scans leading to a change in management in 57% of patients. In 32 patients with suspected ovarian cancer recurrence, PET/CT showed a higher sensitivity (91%) than contrast-enhanced CT (62%)^\[^[@B25]^\]^. With the addition of FDG-PET/CT, 44% of patients received different treatment; only 2% of patients were managed expectantly compared with 22% after CT alone. The percentage of patients who were referred for chemotherapy increased from 31% to 50% when FDG-PET/CT results were considered. Thrall et al.^\[^[@B23]^\]^ noted that FDG-PET/CT revealed unsuspected disease either outside the abdomen or in surgically inaccessible areas in 28.6% of cases and thus the treatment plan was changed. In another study, FDG-PET combined with contrast-enhanced CT resulted in a change of management in 39% of the cases compared with 12% for contrast-enhanced CT alone and 2% for FDG-PET combined with a low-dose CT^\[^[@B29]^\]^. This indicates an advantage of using contrast-enhanced CT with FDG-PET/CT, particularly for recurrent ovarian cancer.

FDG-PET/CT for monitoring response in ovarian cancer
----------------------------------------------------

Although a substantial number of patients with ovarian cancer respond to initial chemotherapy, non-responding patients generally have a poor prognosis. The concept of individualizing cancer treatment is very appealing and would involve predicting the response to treatment early in the course of therapy. The use of FDG-PET in this capacity is based on the fact that tumours show early changes in glucose utilization and that changes in uptake closely correlate with response to treatment^\[^[@B30]^,^[@B31]^\]^. In a variety of tumours it has been shown that changes in glucose metabolism precede changes in tumour size and reflect treatment response. To predict treatment response, 2 sequential FDG-PET scans are required; one baseline FDG-PET before treatment and a second after initiation of chemotherapy ([Figs. 3](#F3){ref-type="fig"} and [4](#F4){ref-type="fig"}). The change in level of tumour metabolic activity after one or two cycles of chemotherapy can then be compared with treatment response after completion of the treatment course. Figure 4Patient with recurrent ovarian cancer. Maximum intensity projection (MIP) image of FDG-PET study prior to treatment (a) shows widespread avid uptake at multiple sites of metastatic disease in the neck, chest and abdomen. Two months after the start of chemotherapy, follow-up imaging demonstrates no residual FDG-avid tumour sites, consistent with a complete metabolic response.

In advanced stage ovarian cancer, a significant correlation was found between the metabolic response after the first and third cycles of chemotherapy and overall survival using FDG-PET. This was found to be superior to clinical response, CA-125 measurements and histopathology^\[^[@B32]^\]^. Median overall survival was higher in those patients found to be metabolic responders after the first and third cycles of chemotherapy. After the first cycle of chemotherapy, metabolic responders were defined as a decrease in SUV from baseline to 20%. Patients with a metabolic response had a median overall survival of 38.3 months compared with 23.1 months in metabolic non-responders. After the third cycle of chemotherapy, metabolic responders were defined as a 55% decrease in SUV. Metabolic responders had a median overall survival of 38.9 months compared with 19.7 months in metabolic non-responders.

The use of sequential FDG-PET to predict early response to systemic therapy is an appealing application of metabolic imaging. However, further clinical trials would have to validate defined FDG-PET criteria for which treatment can be safely changed.

Endometrial cancer
==================

FDG-PET/CT in primary endometrial cancer
----------------------------------------

Endometrial cancer is the most common gynaecological cancer in most European countries and in the United States, having recently overtaken the incidence of ovarian cancer (<http://www.cancerresearch.org.uk>). Definitive staging of the disease is performed surgically, according to the FIGO staging classification^\[^[@B1]^\]^. Thus, the role of preoperative imaging for staging evaluation remains controversial.

Primary endometrial cancer usually demonstrates an increased uptake of FDG. However, FDG-PET/CT cannot reliably determine the depth of myometrial invasion. This is due to the approximately 4--5 mm spatial resolution of current PET scanner technology as well as to an inherent limitation to precisely define tumour borders on PET images. Nodal status is of clinical importance, having a marked impact on prognosis. Currently, the decision to undertake lymphadenectomy remains controversial. Early studies evaluating the use of FDG-PET for the identification of nodal metastases showed little promise^\[^[@B33]^,^[@B34]^\]^. Two more recent studies preoperatively assessed the lymph node status with FDG-PET/CT in 40 and 12 patients, respectively, with histology as the reference standard^\[^[@B29]^,^[@B35]^,^[@B36]^\]^. Based on nodal diagnosis, both studies found a comparable sensitivity of 53% and a specificity of 99% ([Fig. 5](#F5){ref-type="fig"}). In the larger study by Kitajima et al.^\[^[@B29]^,^[@B35]^\]^, the accuracy of PET/CT was 97.8%. The sensitivity for detecting metastatic lesions 4 mm or less in diameter was 16.7%, 66.7% for lesions between 5 and 9 mm and 93.3% for lesions 10 mm or larger. These findings have led to the conclusion that although FDG-PET/CT is superior to conventional imaging techniques, it is only moderately sensitive in predicting lymph node metastasis preoperatively and it is inadequate for local staging of patients with endometrial cancer ([Table 1](#T1){ref-type="table"}). Figure 5Preoperative imaging assessment in a patient with high-grade endometrial carcinoma. Sagittal T2-weighted MRI (a) demonstrates a large tumour mass in the endometrial cavity (arrow), which demonstrated deep myometrial invasion. No enlarged nodes could be seen on MRI in the pelvis or para-aortic positions. The stage on MRI alone was FIGO IB. Coronal fused FDG-PET/CT image (b) demonstrates focal uptake within a para-aortic lymph node, up-staging the patient to FIGO IIIC2. Table 1Diagnostic performance of FDG-PET in the detection of nodal metastases in primary endometrial carcinomaStudyTechniquePatients/ nodesSensitivity (%)Specificity (%)Negative predictive value (%)CommentHorowitz et al.^\[^[@B33]^\]^PETPatients: 196794In patients with moderate or high-grade histologyNodes6098Suzuki et al.^\[^[@B34]^\]^PETPatients: 30Did not identify any metastatic node that was \< 10 mm in diameterKitajima et al.^\[^[@B35]^\]^PET/CTPatients: 405086.7Nodes: 14845399.6Nayot et al.^\[^[@B36]^\]^PET/CTPatients: 12Nodes5399Park et al.^\[74\]^PET/CTPatients: 53No difference when compared with MRI (*P* = 0.25 (sensitivity))Nodal site69.290Picchio et al.^\[^[@B37]^\]^PET/CTPatients: 325710086In patients with high-grade histology; 5 cases of additionally detected extranodal metastatic diseaseNodes: not availableSignorelli et al.^\[^[@B38]^\]^PET/CTPatients: 3777.810093.311 patients with grade 2/deep invasion and 26 patients with grade 3 histologyNodal site66.799.497.2

Picchio et al.^\[^[@B37]^\]^ recently published a study on the value of FDG-PET/CT in preoperative staging specifically in high-grade patients. Thirty-two patients with grade 3 endometrial cancers were assessed preoperatively with FDG-PET/CT. Although the sensitivity for lymph node metastasis was comparable with previous studies (57.1%), FDG-PET/CT was found to have a greater sensitivity for distant metastatic lesions in the abdomen and thorax compared with conventional imaging, when compared with the surgical findings or follow-up imaging. This study underlines the potential for FDG-PET/CT in assessing patients for distant metastases and emphasizes its advantages over conventional imaging as a whole-body diagnostic tool. A smaller study by Signorelli et al.^\[^[@B38]^\]^ also evaluated high-grade patients. Although the sensitivity for lymph node site metastases was somewhat higher (66.7%), the important outcome was the high negative predictive value for lymph node involvement on a nodal site basis (97.2%) and on a patient basis (93.1%). This suggests that in the high-grade group of patients, surgical lymphadenectomy may be avoided in selected cases after FDG-PET/CT assessment.

Few studies have compared the tumour metabolic activity measured as the SUV with biological features such as proliferation, grade and expression of glucose transporters. Recently, the first study of correlation of SUV with histologic grade in endometrial cancer has been published^\[^[@B39]^\]^. The findings suggest that the level of FDG uptake is correlated to aggressive biological characteristics in endometrial cancer, namely FIGO grade, size of primary tumour and glucose transporter-1 expression (all *P* \< 0.001). The strongest correlation was with FIGO grade.

FDG-PET/CT in recurrent endometrial cancer
------------------------------------------

FDG-PET/CT has been reported to be highly accurate in the assessment of patients suspected of having recurrent endometrial cancer ([Fig. 6](#F6){ref-type="fig"}). In one study, 31 women underwent FDG-PET/CT for suspected recurrence, 20 of whom underwent surgical biopsy and 11 had imaging follow-up^\[^[@B40]^\]^. Twelve patients had a documented recurrence by surgical biopsy or clinical follow-up and 19 patients had no evidence of recurrence. Overall sensitivity, specificity, and accuracy of FDG-PET/CT were 100%, 94.7%, 92.3%, respectively. PET/CT results modified the treatment plan in 7 (22.6%) patients, resulting in 5 patients undergoing previously unplanned therapeutic procedures and eliminating previously planned diagnostic procedures in 2 patients (6.5%). Patients with negative PET/CT showed significantly better progression-free survival than those presenting with positive tumour FDG uptake.

Park et al.^\[^[@B41]^\]^ evaluated FDG-PET or PET/CT in 24 women with suspected recurrent endometrial cancer and 64 patients undergoing routine surveillance, using histopathology or 6 months follow-up as the reference standard. They reported very high sensitivity (100%), specificity (83.3%) and positive predictive values (95%) in cases of suspected recurrence and very impressive results in patients under routine surveillance ([Table 2](#T2){ref-type="table"})^\[^[@B41]^\]^. Figure 6Patient with a history of high-grade endometrioid endometrial cancer treated 2 years previously presented with a painful left shoulder and suspicious radiograph. FDG-PET/CT confirmed metabolically active disease confined to the left shoulder (arrow). Table 2Diagnostic performance of FDG-PET in the detection of recurrent endometrial cancerStudyTechniquePatientsSensitivity (%)Specificity (%)Negative predictive value (%)Chung et al.^\[^[@B40]^\]^PET/CT31[^a^](#TF1){ref-type="table-fn"}10094.796.8Park et al.^\[^[@B41]^\]^PET and PET/CT24 suspected recurrence10083.3100PET and PET/CT64 asymptomatic surveillance100100100Kitajima et al.^\[^[@B42]^\]^PET/low-dose CT100[^b^](#TF2){ref-type="table-fn"}8394PET/contrast-enhanced CT100[^b^](#TF2){ref-type="table-fn"}9097[^1][^2]

Kitajima et al.^\[^[@B42]^\]^ compared the use of FDG-PET with integrated low-dose CT versus contrast-enhanced CT in 100 patients with either cervical (55 women) or endometrial (45 women) cancer who underwent FDG-PET/CT scanning with and without iodinated contrast. Sensitivity was not significantly different between the groups ([Table 2](#T2){ref-type="table"}). However, the non-contrast group showed 4 sites graded as equivocal for recurrence, whereas the contrast group recorded no equivocal results while recording the same number of negatives.

Cervical cancer
===============

FDG-PET/CT in primary cervical cancer
-------------------------------------

Accurate pretreatment staging of cervical carcinoma has a significant impact on planning the optimal primary treatment modality. The selection of patients suitable for surgery requires the accurate ruling out of disease beyond the cervix into the parametrium and regional or distant nodal metastases ([Fig. 7](#F7){ref-type="fig"}a,b). Primary cervical carcinoma is typically highly metabolically active, although the presence of FDG within the urinary tract can create diagnostic difficulty, now largely overcome by PET/CT co-registration. An early FDG-PET study identified all 21 primary tumours when patients voided just prior to imaging but identified only 16 (76%) of the primary tumours when there was activity in the bladder^\[^[@B43]^\]^. In a series of 101 patients, FDG-PET detected 99% of primary cervical cancers, using hydration, diuretics and bladder drainage for reducing urinary activity^\[^[@B44]^\]^. Similar results were shown in several smaller series^\[^[@B45]^\]^. The level of metabolic activity of primary cervical tumours has been reported to be a predictor of survival ([Fig. 8](#F8){ref-type="fig"})^\[^[@B48]^\]^. However, since the FDG uptake and subsequent SUV measurements are influenced by many factors such as tumour size, blood glucose level, time interval and mode of PET data acquisition as well as PET image reconstruction and analysis, the use of SUV measurements is not yet in widespread clinical practice. Figure 7Patient with FIGO stage IIB squamous cell carcinoma of the cervix. (a) Initial pretreatment MRI (axial T2-weighted image) demonstrates primary cervical tumour with parametrial invasion (long arrow) and left pelvic node involvement (short arrow). No para-aortic lymphadenopathy was demonstrated on abdominal sequences. Fused FDG-PET/CT confirmed highly FDG-avid primary tumour and a single pelvic nodal metastasis (b). Therefore the patient was not suitable for radical surgery and underwent primary chemoradiotherapy treatment. FDG-PET/CT was performed 3 months after completion of treatment (c,d). This demonstrates complete response to the irradiated tumour in the pelvis (c). However, there is disease relapse above the radiotherapy field in the para-aortic region (arrow, d). This finding indicates an adverse prognosis. Figure 8Stage IIa adenocarcinoma of the cervix. Sagittal T2-weighted MRI (a) demonstrates an ill-defined tumour in the cervix (arrow). MIP image of an FDG-PET study (b) demonstrates intermediate- to low-grade FDG uptake in the primary tumour (arrow). The level of tumour metabolic activity has been reported to be a predictor of survival.

Quantitative assessment of tumour volume by FDG-PET has been found to correlate with prognosis^\[^[@B49]^\]^. However, this information is also available by MRI, which in contrast to FDG-PET provides detailed anatomic information that allows assessment of local invasion and radiation treatment planning. Although FDG-PET is generally positive in patients with primary cervical cancer, the lack of anatomic information, even in conjunction with CT, limits the clinical utility for initial staging of the local extent of disease.

One area for which cross-sectional anatomic imaging performs poorly is in the detection of nodal metastatic disease. In 35 patients, Reinhart et al.^\[^[@B47]^\]^ compared the diagnostic accuracy of MRI with FDG-PET for detection of metastatic lymph node involvement prior to radical hysterectomy and pelvic lymphadenectomy. Histology revealed pN0-stage cancer in 24 patients and pN1-stage cancer in 11 patients. FDG-PET had a sensitivity of 91% with a corresponding specificity of 100%, compared with 73% and 83%, respectively, for MRI. In another study of 22 patients, FDG-PET found 9 unsuspected extrapelvic nodal sites (6 para-aortic, 2 mediastinal and 1 supraclavicular node)^\[^[@B45]^\]^. However, FDG-PET missed 8 microscopic pelvic nodal metastases. Although FDG-PET can visualize increased metabolic activity in tumour-involved lymph nodes of normal size, it cannot detect microscopic tumour deposits, a limitation that holds true for any imaging modality. Nodal necrosis is another potential cause of false-negative nodal staging on FDG-PET ([Fig. 9](#F9){ref-type="fig"}). However, conventional CT and MRI are highly accurate in the diagnosis of nodal necrosis, which has an extremely high positive predictive value for nodal involvement^\[^[@B50]^\]^. Figure 9Patient with advanced cervical carcinoma at presentation. Fused FDG-PET/CT demonstrates a highly metabolically active primary tumour (a). Nodal evaluation is difficult on the fused image (b). However, on the contrast-enhanced CT, there is bilateral nodal necrosis (arrows). These could not be mistaken for the ovaries in this case, as there was ovarian hyperstimulation prior to egg retrieval (d).

Narayan et al.^\[^[@B46]^\]^ assessed whether FDG-PET or MRI could obviate the need for nodal sampling in patients with locally advanced cervical carcinoma prior to radiotherapy. Imaging findings were compared with surgical staging in 27 patients. In 24 patients evaluable for pelvic nodal status, sensitivity and specificity for FDG-PET were 83% and 92%, respectively. MRI detected only 6 of 12 (50%) patients with confirmed pelvic nodal disease, all of which were also seen by CT. PET detected 4 of 7 cases with confirmed para-aortic nodal involvement. All of the histologically confirmed sites of nodal involvement not identified on PET were less than 1 cm in diameter. FDG-PET had an overall accuracy of 75%. As more data are acquired and reported, there appears to be a distinction in diagnostic performance between patients with advanced stage disease, for which FDG-PET has performed reasonably well, and early stage disease, for which PET sensitivity is limited^\[^[@B51]^,^[@B52]^\]^. Chou et al.^\[^[@B51]^\]^ evaluated FDG-PET in 60 patients with early stage disease with tumour less than 4 cm in long axis with no nodal enlargement on MRI. FDG-PET only identified 1 of the 10 histologically confirmed nodal metastases.

The lymph node status as assessed by FDG-PET can be a predictor of disease-free survival^\[^[@B44]^\]^. For pelvic lymph node status, the 2-year disease-free survival was 84% for CT and FDG-PET negative patients, 64% for CT negative and FDG-PET positive patients and 48% for CT and FDG-PET positive patients. The para-aortic lymph node status as assessed by FDG-PET was the strongest predictor of survival in a multivariate regression analysis. No patients with positive supraclavicular lymph nodes on FDG-PET survived for 2 years^\[^[@B54]^\]^. The cause-specific survival for patients with FIGO stage IIIb carcinoma was found to be highly dependent on the extent of lymph node metastasis demonstrated by FDG-PET at initial presentation. Three-year estimates of cause-specific survival were 73% for patients with no lymph node metastasis, 58% for those with only pelvic lymph node metastasis, 29% for those with pelvic and para-aortic lymph node metastasis and 0% for those with pelvic and para-aortic and supraclavicular lymph node metastasis^\[^[@B54]^\]^.

Quantification of metabolic activity within nodes has also been shown to be a prognostic biomarker outcome in patients with advanced stage disease^\[^[@B55]^\]^. In patients with pelvic nodal SUV \>4.3, the chance of responding to treatment was lower, the recurrence rate was higher and the survival rate was reduced.

In summary, FDG-PET/CT is a reasonably sensitive method of detecting pelvic and para-aortic lymph nodal disease in cervical cancer in patients with advanced stage disease, and seems to be superior to MRI and CT. It is currently recommended by the National Comprehensive Cancer Network (NCCN) for the initial staging of cervical cancer stage IB2 or higher^\[^[@B56]^\]^. Despite the limitations of FDG-PET in identifying small foci of disease, there seems to be an important role for FDG in the selection of patients for radiation therapy without the need for histologic confirmation of lymph node involvement. Prognosis is also correlated to the presence and extent of FDG-avid lymphadenopathy.

FDG-PET/CT in radiotherapy planning
-----------------------------------

The delineation of metabolically active disease by FDG-PET/CT has the potential to improve the accuracy of three-dimensional radiotherapy planning. The technique of co-registration of FDG-PET images with the radiotherapy planning CT has been evaluated predominantly in patients with lung or head and neck cancer and an expert report outlining the use of PET and PET/CT in radiation therapy planning has been published by the International Atomic Energy Agency^\[^[@B57]^\]^. In patients with cervical cancer limited to the pelvis, the irradiated tumour volume should include the pelvis only. In patients in whom para-aortic nodal metastases are suspected, the irradiated volume should include the pelvis as well as the para-aortic region. The extent of nodal metastases demonstrated on FDG-PET may be used to help delineate the radiotherapy plan.

However, the need for accurate geographic delineation of the tumour volume has become of particular relevance with the advent of conformal radiotherapy and intensity-modulated radiotherapy (IMRT) whereby the shape of the radiotherapy field can be planned to encompass the tumour and metastatic deposits while avoiding sensitive normal tissues, such as small bowel and bladder. In addition, the radiotherapy dose may be adjusted in order to deliver a boost dose to appropriate regions. Nodal irradiation can be accurately contoured for IMRT using established guidelines^\[^[@B58]^\]^.

In order to use FDG-PET-guided IMRT for cervical cancer, patients must undergo PET/CT radiotherapy simulation. This involves positioning the patient in the PET scanner in the same position as that used during the radiotherapy treatment. This includes the use of a flat-bed insert, standard skin markers and immobilization devices. Using the PET portion of the study, the metabolic tumour volume can be contoured specifically to encompass the metabolically active primary tumour as well as sites of nodal disease^\[^[@B59]^\]^. In addition, standard coverage of nodal volumes is planned and then the final planning target volume is delineated, providing a safe margin to allow for slight movements of the tumour during the treatment.

Theoretically, this technique has the potential to allow higher doses to be delivered to the active tumour tissues, while avoiding irradiation of adjacent normal structures. The outcome may be reduced toxicity with greater tumour control. However, further research is needed in order to establish whether the potential benefits are demonstrated in patients.

FDG-PET/CT in recurrent cervical cancer
---------------------------------------

Approximately one-third of women diagnosed with cervical cancer develop recurrent disease. Recurrent disease typically occurs relatively early; about 90% of recurrences are detected within 3 years of initial treatment (<http://www.cancerresearch.org.uk>). Accurate and timely detection of recurrent disease is vital and may ultimately improve overall survival^\[^[@B60]^\]^. CT and MRI are widely used in the detection of local and distant recurrence. However, several limitations of these anatomic techniques are recognized. Benign post-treatment appearances and fibrosis may mimic residual or recurrent disease following chemoradiotherapy, which may be better characterized on PET/CT ([Fig. 10](#F10){ref-type="fig"}). One important advantage of PET imaging is the inclusion of the whole body, allowing detection of metastatic disease in unexpected locations. Figure 10Patient with advanced carcinoma of the cervix, imaged 6 months after treatment with primary chemoradiation. Axial T2-weighted MRI (a) demonstrates an area of intermediate T2 signal intensity at the site of the original tumour. This was suspected to be residual disease. Fused FDG-PET/CT (b) demonstrates no evidence of FDG-avid disease. The patient has remained well on clinical follow-up.

A number of early studies have investigated the role of FDG-PET in recurrent cervical cancer, reporting relatively high sensitivity and specificity. In a large study of 249 patients with previously treated cervical cancer, sensitivity and specificity of FDG-PET for detection of recurrent disease were 90% and 76%, respectively^\[^[@B61]^\]^. Most recurrences were detected at 9--12 months after completion of treatment with curative intent, suggesting its value may lie in the detection of early recurrence. However, it should be noted that false-positive FDG uptake from a wide variety of sources including infection, post-radiation inflammation in the immediate post-treatment period or in patients with fistulas can all make interpretation slightly more difficult. All these factors need to be taken into account when deciding the appropriate time interval between completion of treatment and follow-up PET.

The introduction of integrated PET/CT, with its improved anatomic localization of suspicious areas of increased metabolic activity, reduces false-positive PET findings, thereby increasing specificity. The role of integrated PET/CT in recurrent cervical carcinoma has been evaluated in a number of recent studies^\[^[@B62]^\]^ ([Table 3](#T3){ref-type="table"}). Although most of these were small retrospective studies, they show sensitivity and specificity values above 80% and endorse the belief that FDG-PET/CT has favourable efficacy for the detection of recurrence after initial treatment with curative intent. The Scottish Guidelines of Management of Cervical Cancer state that for detection of relapsed disease, whole-body PET or PET/CT should be performed on all patients in whom recurrent or persistent disease has been demonstrated on MRI or CT and for whom salvage therapy (either pelvic exenteration or radiotherapy) is being considered^\[^[@B66]^\]^. This guideline recommends performance of PET/CT at 9 months after completion of treatment in all women who have had primary chemoradiotherapy^\[^[@B66]^\]^. Table 3Studies evaluating the role of integrated PET/CT in recurrent cervical cancerStudyNo. of patientsSensitivity (%)Specificity (%)Accuracy (%)Chung et al.^\[^[@B62]^\]^5290.38186.5Sironi et al.^\[^[@B63]^\]^2592.910096Kitajima et al.^\[^[@B65]^\]^529292.692.3Mittra et al.^\[^[@B64]^\]^3093 (local recurrence)93 (local recurrence)93 (local recurrence)96 (distant metastasis)95 (distant metastasis)95 (distant metastasis)

FDG-PET/CT for monitoring therapy response in cervical cancer
-------------------------------------------------------------

The role of FDG-PET in monitoring response has been evaluated in several different tumour types. This has been based on in vitro studies that associate decreases in tumour cell glucose uptake with decreases in the fraction of viable tumour cells^\[^[@B67]^\]^.

A number of retrospective studies have demonstrated that the use of FDG-PET in the post-therapy evaluation of patients with cervical carcinoma is predictive of survival outcome^\[^[@B68]^,^[@B69]^\]^. In one such study of 152 patients by Grigsby et al.^\[^[@B68]^\]^, post-therapy FDG-PET was performed 1--12 months (mean 3 months) after completion of treatment. Five-year overall survival rates were 92% for those with no abnormal FDG uptake, 46% for those with persistent FDG uptake and 0% for those with new FDG uptake (the corresponding 5-year cause-specific survival rates were 80%, 32% and 0%, respectively) ([Fig. 7](#F7){ref-type="fig"}). These findings were validated in a clinically important follow-up prospective cohort study by the same group^\[^[@B70]^\]^. Ninety-two women with cervical carcinoma were treated with concurrent chemoradiation and post-therapy FDG-PET/CT was performed 2--4 months (mean 3 months) after completion of therapy. Complete metabolic response was evident in 65 patients (70%), a partial metabolic response in 15 (16%) and progressive disease in 12 (13%). Their 3-year progression-free survival rates were 78%, 33% and 0%, respectively. This study validates the use of post-treatment FDG-PET as a metabolic biomarker of tumour response in cervical carcinoma. It also provides long-term prognostic information only 3 months after treatment with curative intent and may help to select patients for additional treatment where necessary.

FDG-PET/CT imaging of vulvar cancer
===================================

There are scant studies reporting PET results in vulval cancer staging^\[^[@B71]^\]^. As described for other gynaecological malignancies, FDG-PET/CT can visualize metastatic lymph nodes when they are still of normal size according to conventional cross-sectional imaging, thus showing promising results also for vulval cancer lymph node staging, which requires further investigation and validation ([Fig. 11](#F11){ref-type="fig"}).

Summary
=======

1.Ovarian cancer:a.Current indications:•In patient with CA-125 relapse and negative conventional imaging, FDG-PET may identify the site of relapse. This may allow prompt treatment including surgical resection of isolated recurrence or chemotherapy/trial entry.b.Likely indications in the near future:•In monitoring treatment response, allowing early identification of metabolic responders vs non-responders.•FDG-PET/CT may become the initial imaging modality in patients with CA-125 relapse, obviating the current initial step of conventional CT. This would very likely improve detection of sites of relapse as well as being used as the baseline for subsequent early prediction of response to chemotherapy.c.Possible indications in the future:•FDG-PET/CT may potentially be used as the initial imaging modality in staging ovarian cancer. This would very likely enhance initial staging accuracy as well as provide a baseline for assessment of response for patients undergoing neoadjuvant chemotherapy, allowing early change to alternative therapy in non-responders.d.Unlikely to be of benefit:•In the evaluation of indeterminate adnexal masses.2.Endometrial cancer:a.Unlikely to be of benefit:•FDG-PET has not been shown to be of value in the initial staging of most patients with endometrial cancer or the evaluation of endometrial masses. Diagnostic performance for the detection of nodal metastases is not sufficiently high to add any value to staging with MRI.b.Of potential benefit:•FDG-PET may be advocated in selected patients with high-risk disease (advanced local disease and/or high-grade histology) for the identification of extranodal metastatic disease in the abdomen or thorax.•There is some evidence to support FDG-PET in patients clinically suspected of recurrent disease that has not been identified on conventional imaging.3.Cervix cancer:a.Current indications:•At presentation, FDG-PET or PET/CT is recommended as a staging investigation in patients with FIGO stage IIB or above, in order to facilitate optimal radiotherapy planning and for prognostication. Patients with earlier stage tumours that are greater than 4 cm may also be considered for staging with FDG-PET.•Following treatment with primary chemoradiation, imaging at 3--6 months after the end of treatment may be used to evaluate response. Patients with residual metabolically active tumour may be offered salvage therapy, ideally in the context of a clinical trial. The extent of residual FDG uptake may help to determine the appropriate salvage therapy; surgery may be possible if metabolic activity is limited to the primary site, or alternative chemotherapy may be offered if FDG uptake is identified beyond the cervix.•FDG-PET is indicated in detection of relapse, prior to consideration of surgical exenteration.b.Unlikely to be of benefit:•There is currently no evidence to support the use of FDG-PET or PET/CT in staging patients who present with early stage disease clinically, FIGO stage IB1 or less. Diagnostic performance for the detection of nodal metastases in this group of patients is not sufficient to exclude nodal metastases.c.Possible future role:•The use of FDG-PET/CT in the assessment of treatment response in clinical trials of novel chemotherapy agents is a potential future role which requires further study. Figure 11Patient with recurrent vulval carcinoma. On the axial T2-weighted MRI (a), there is a large lymphocyst in the left groin due to previous groin node dissection (small arrow). The recurrent tumour is seen in the vulva (large arrow). The patient underwent percutaneous drainage of the lymphocyst. Following this, FDG-PET/CT was undertaken to exclude other sites of disease prior to planning further surgery. Fused FDG-PET/CT confirmed multifocal disease in the vulva (small arrows). Low-grade FDG uptake is seen in the wall of the drained lymphocyst, consistent with probable inflammatory change. No FDG-avid disease was seen elsewhere.
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[^1]: ^a^20 with histologic confirmation, 11 with imaging follow-up.

[^2]: ^b^55 women with cervix cancer and 45 women with endometrial cancer.
